Background: Benign prostate hyperplasia (BPH) and type 2 diabetes mellitus are prevalent in older men, and both represent a challenge to public health. Prior studies reported a correlation between BPH and (hyper)glycaemia, a component of the metabolic syndrome, which is on the increase in sub-Saharan Africa (SSA) due to rapid modernization. This study was designed to evaluate the association of prostate volume and anthropometric parameters among diabetic and non-diabetic patients who had transurethral resection of the prostate (TURP) for BPH.
Background
Modernization and greater access to healthcare in sub-Saharan Africa (SSA) increase life expectancy and consequently an increasing prevalence of age-related conditions such as benign prostate hyperplasia (BPH) [1] [2] [3] . This modernization also leads to lifestyle changes including dietary fat intake, typical of the Western world, lack of physical activity, and use of motorized machines to perform daily life activities. This western lifestyle exposes SSA populations to the emergence of newer chronic diseases including cardiometabolic conditions such as the metabolic syndrome (MetS) [4] [5] [6] [7] .
MetS involves different but interconnected entities, namely whole-body insulin resistance (IR) and secondary compensatory hyperinsulinemia, overweight or obesity, dyslipidemia, type 2 diabetes mellitus (T2DM), and hypertension [4] [5] [6] [7] . Tissue insulin resistance and secondary hyperinsulinemia promote the synthesis and release of tissue growth factors which also act on the prostatic tissue level. Moreover, chronic hyperglycemia has a trophic role on various tissues, including prostatic cells [8] [9] [10] . Hyperinsulinemia and hyperglycemia are the two major components of the common form of T2DM (i.e., with MetS), a phenotype equally frequent in elderly people [11, 12] .
Therefore, it would be logical to expect patients with T2DM, who are often obese or at least overweight, to have a prostate larger than that of age-matched nondiabetic men. Thus, several authors reported positive correlations between prostate volume on the one hand and raised blood glucose or insulin on the other [13] [14] [15] [16] [17] [18] . However, the correlation between prostate volume and anthropometric parameters is not unanimously accepted among authors [7, 11] . Furthermore, it is not determined whether hyperglycemia in the absence of obesity would induce such a relationship in populations with low prevalence of obesity, such as South Kivu in the Democratic Republic of Congo (DRC), or in elderly patients with both T2DM and BPH, who are often neither obese nor overweight.
The objective of this study was to evaluate the relationship between prostate volume and anthropometric parameters including body mass index (BMI) and waist circumference in diabetic and non-diabetic patients from South Kivu.
Methods
We reviewed the medical records of patients with BPH who had transurethral resection of the prostate (TURP) over a three-year period between February 1, 2014, and January 31, 2017, in three medical institutions of Bukavu, the main city of South Kivu.
Patients were divided into two groups: diabetic and non-diabetic.
Age, International Prostate Symptom Score (IPSS), quality of life score, duration of symptoms, known diabetes, BMI, waist circumference, fasting glycaemia, prostate-specific antigen, and prostate volume were recorded for each patient.
We excluded patients with known prostate cancer that had a palliative channel cut, and those in whom incidental prostate cancer or urethral stenosis was found.
BPH assessment
All patients completed the IPSS questionnaire to evaluate the severity of lower urinary tract symptoms (LUTS) and had digital rectal examination (DRE). BPH was postoperatively confirmed by pathologist's examination.
Prostate volume was calculated by trans-rectal ultrasonography (using a Bruel and Kjaer Medical scanner 7, 5 MHZ), according to the ellipsoid formula, multiplying height (H) obtained by transaxial scanning, width (W), and length (L) by 0, 524 (H × W × L × π/6) [19] .
PSA level was determined using an ELISA method, and all patients with elevated PSA level had prostate biopsy.
Diabetes mellitus
Information on diabetes mellitus (DM) diagnosis was based on self-reporting of the disease, current use of glucose-lowering medication(s), and/or laboratory-measured fasting blood glucose ≥ 126 mg/dl [13] [14] [15] [16] .
Overweight-obesity
Overweight-obesity were defined from BMI cutoffs, with BMI expressed as weight in kilogram divided by square height in meter [12, [20] [21] [22] [23] . According to WHO classification, patients were divided in four categories: underweight if BMI < 18.5 kg/m 2 ; normal weight if BMI 18.5-24.9 kg/m 2 ; overweight if BMI ≥ 25 kg/m 2 ; and obese if BMI ≥ 30 kg/m 2 .
Central obesity was defined using the International Diabetes Federation recommendations for pathological waist circumference [12, [20] [21] [22] [23] . Waist circumference was measured from midway between the lowest rib and the iliac crest and considered normal ≤ 94 cm.
Statistical analysis
Statistical analyses were carried on using Stata 13 software. Continuous data are presented as means or medians with standard deviation (SD) and interquartile range (IQR), respectively. Categorical data are presented as frequencies or proportions. The distribution of continuous data was assessed, and skewed data were log-transformed prior to testing. Comparison between background characteristics of the study population was made using student's t test for normally distributed data. Whenever the shape of the distribution remained asymmetrical after log-transformation, Wilcoxson's sum rank test was used.
To examine the relationship between prostate volume and correlates, we carried out both bivariable and multivariable linear regression analyses, with heteroscedasticity-robust standard errors. Variables were brought into the multivariable model if they met the inclusion criteria set to p ≤ 0.1 at bivariable analysis, or based on biological plausibility. We reported unadjusted and adjusted slopes with 95% confidence intervals (CIs) and p-values. Statistical significance for all analyses was set to α = 5%.
Results

Patients' characteristics
Data of 159 patients aged 45-96 years that had TURP were analyzed. Out of the 159 patients, 94 (59.1%) were non-diabetic and 65 (40. 9%) were diabetic.
Mean age was 68 ± 8.5 years in the entire cohort: 69.3 ± 8.1 years in the diabetic group and 67.13 ± 8.8 years in the non-diabetic group.
IPSS, fasting blood glucose, and prostate volume were significantly higher in the diabetic than in the nondiabetic group: 28.6 ± 4.3 versus 25.6 ± 6.4 (p 0.005); 121.7 ± 45.7 versus 85.4 ± 11.7 mg/dl (p < 0.001); and 58.5 ± 23.5 versus 49.4 ± 20.3 g (p 0.027), respectively.
BMI and waist circumference were statistically greater in the non-diabetic than in the diabetic group: 25.1 ± 3.3 versus 23.6 ± 3.5 kg/m 2 (p 0.008) and 94.6 ± 10.3 versus 90.6 ± 10.4 cm (p 0.018).
There were no statistically significant differences between the two groups regarding age, quality of life score, duration of symptoms, and prostate-specific antigen level.
Descriptive data of the study population are listed in Table 1 . 
Comparison of variables between diabetic group and non-diabetic group according to age
Risk factors for BPH
In the univariate logistic regression analysis, FBG, PSA, diabetes, and QOL score were significantly related to prostatic hyperplasia. In the multivariate analysis, only FBG (p = 0.002) and PSA (p = 0.027) were predictors of prostatic hyperplasia (Table 3 ).
Discussion
BPH is the commonest benign tumor in men beyond 40 years of age. Two etiologies have long been considered to contribute to the development of this condition: aging and androgens [5] . In recent decades, several other environmental factors were proposed, including chronic inflammation [24] , cigarette smoking [25] , and MetS [3] [4] [5] [6] [7] [14] [15] [16] [17] . However, the metabolic syndrome with its corollaries, namely diabetes and obesity/overweight, is among major risk factors for BPH [3] [4] [5] [6] [7] [14] [15] [16] [17] .
In developed countries, the link between BPH and metabolic syndrome has been established. In several studies, the presence of a MetS was associated with prostatic hyperplasia [3] [4] [5] [6] [7] [14] [15] [16] [17] . T2DM is an important component of the metabolic syndrome phenotype; it is associated with several other urological pathologies such as aggressive prostate cancers, erectile dysfunction, overactive bladder, urinary tract infections, and urolithiasis [3] .
MetS prevalence is increasing rapidly in SSA, because of increased urbanization and modernization of lifestyles [4] .
Insulin, often considered as an abundance hormone, favors fat storage in adipocytes, with hyperinsulinemia promoting central adiposity and general obesity. Insulin resistance and hyperinsulinemia, two major underlying components of the MetS, promote the synthesis and release of insulin-like growth factors (IGFs), directly involved in prostate enlargement and prostatic cancer [8] [9] [10] .
The observations gathered from our survey do not demonstrate an association between prostate size and increased BMI. Furthermore, neither whole-body obesity (inferred from BMI) nor central adiposity (assessed by waist circumference) correlated with diabetes mellitus. This is opposite to what is currently described in the literature regarding positive correlations between BMI, T2DM, and prostate volume. It is worth noting that non-diabetic patients from South Kivu had higher anthropometric indices than their diabetic counterparts, a situation opposite to that of Caucasian populations, in which T2DM patients are usually obese (Table 1 ). This paradox is often referred to as the "metabolically obese but normal weight" (MONW) phenotype, more represented in SSA and Asian populations [26] .
In addition, absence of obesity markers among diabetic patients in this study might be due to a restrictive diet and urinary caloric loss as a consequence of poor glycemic control (Table 1) .
Parsons et al. [3] performed a prospective cohort study in 422 subjects and concluded that obesity, fasting blood glucose, and diabetes markedly increase the risk of BPH. Daniel [27] demonstrated that prostate volume in men undergoing TURP was correlated with obesity. Central obesity increases aromatization of androgens to estrogens, an imbalance which is hypothesized to contribute to increase prostate volume [12] [13] [14] . Nevertheless, Kim et al. [18] found no correlation between BMI and prostate size. Further, Badmus et al. [12] reported that prostate In our study, the absence of obesity or overweight might be due to restrictive diets, high levels of occupational physical activity, poor glycemic control (with substantial urinary caloric loss) as result of insufficient resources and healthcare, limited access to high-energy foods or glucose-lowering drugs and glucose monitoring, and absolute insulinopenia in later-stage T2DM that characterize many diabetic patients in SSA. Therefore, obesity is less commonly associated with diabetes in rural areas, such as South Kivu, as also described in other SSA countries [26, [28] [29] [30] .
TURP was recently made available in Bukavu, the main city of South Kivu. This new technique was performed for the first time in Bukavu in February 2014. It attracted a lot of patients from rural areas who otherwise did not seek help, considering the long delays between onset of symptoms and consultation. Obesity markers were scant among these patients since westernized lifestyles are uncommon in rural areas.
Kachunga et al. [29] found no obese among diabetics in rural areas of South Kivu during a study conducted in 2012. They attributed this observation to atypical characteristics of African T2DM including lower prevalence and severity of insulin resistance and preservation of tissue insulin sensitivity [26, 28, 30] . The correlation between this particular subtype of diabetes and BPH is not yet established. Impaired insulin sensitivity does not seem to be a major contributor to this phenotype.
In our study, duration of obstructive symptoms was not different among diabetics and non-diabetics. However, IPSS was significantly higher in diabetics. The static component due to prostate enlargement is known to associate with a dynamic component induced by increased sympathetic activity in diabetics [7] . Hence, this association has a detrimental effect on the bladder musculature.
Conversely, lower bladder compliance, detrusor instability, and neuropathy induced by a poor glycemic control are susceptible to cause severe LUTS in diabetic patients, mimicking a prostate enlargement [31, 32] .
In addition, prostate volume was significantly greater in the diabetic group than in non-diabetic, but only in the subgroup of working age (< 65 years); beyond 65 years, this difference was not consistent. At retirement, physical inactivity due to sedentarity and occupational activity cessation is a likely contributor to hyperglycemia in susceptible individuals, with the potential to exert trophic effects on prostatic cells.
Ozcan et al. [33] reported that testosterone levels were lower in diabetic patients. Ryl et al. [34] supported that carbohydrate disorders may contribute to the reduction in testosterone concentration. However, hypogonadism is also known to be a physiological state associated with aging [34, 35] . This might explain why the prostate volume was not statistically different among diabetic and non-diabetic patients beyond 65 years.
While FBG was expectedly higher in diabetic patients, high FBG is also a risk factor for BPH in non-diabetics [18] . According to Parsons et al. [3] , elevated fasting plasma glucose and diabetes are risk factors for BPH, whereas improved glycemic control slows BPH progression.
An obvious study limitation of the present survey is the lack of information about other components of the MetS, such as elevated triglycerides and low HDL cholesterol. Another limitation is the selection bias due to the fact that most patients undergoing TURP suffered from severe dysuria. Other large-scale studies are recommended to confirm and extend our findings. However, this study highlights the fact that prostate volume in diabetics is larger than that of non-diabetics even in the absence of obesity or overweight. We hope that these results will serve as a basis for furthermore comprehensive and mechanistic studies on this important topic.
Conclusion
Anthropometric parameters such as overweight and waist circumference were not related to higher risk of benign prostatic hypertrophy among Congolese patients who had TURP in South Kivu.
Diabetics were not obese and yet had larger prostate volume than non-diabetics < 65 years of age. Beyond 65 years, prostate volume was not different between diabetic and non-diabetic patients.
